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The estimat ion of tree ages in southern Africa and in tropical. sub·tropical and semi-arid areas in general, has been 
problematic due to the lack of distinct growing seasons and corresponding climatic extremes. The lack of distinct ring 
boundaries and the frequency of anomalous growth patterns have hindered the science of dendrochronology in 
southern Africa. An investigation to determine the use of xylem vessel dimensions as a tool for tree-ring identification 
and age est imation of Breonadia salicina sampled in the Kruger National Park was made. Sections of stem disc 
samples were used Trends in xylem vessel diameter (both radial and tangential) and area were examined , both 
between trees and in relation to trends in ra infall and maximum temperature data. It was possible to match anatomical 
trends between individual trees by correlating chronological sub-periods from the discs. Similarly, linear regression 
analysis was used to match trends in xylem vessel diameter and area to sub-periods of climatic pattem and thus 
determine dates for these chronological sub-periods from the disc samples. Of the three variables measured, radial 
vessel diameter was the most sensitive to an annual rainfall mean (between July and June). Maximum temperature 
was found not to correlate to any of the three variables measured. 
Keywords : dendrochronology, Breonadia salicina, growth periodicity, Kruger National Park, xylem. 
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Introduction 
The science of dendrochronology has centred around the strong 
tendency of coniferous trees in temperate areas to produce an 
identifiable layer each year (Jacoby & Wagner 1993). However, 
in the tropics, sub-tropics and semi-arid regions, only an annual 
period of cambium dormancy. such as would be incurred by an 
extended dry season, would result in a s imilar growth pattern 
(Jacoby & Wagner 1993). It is well known that the age of a tree 
which produces annual grQ\.vth rings can be estimated by count-
ing the rings present in a portion of the stem as close to the 
ground as possible (Fritts 1976). Moreover, a correlation of pat-
terns of wide and narrow rings between trees can be used to 
establish the year in which the rings were formed. Such dating of 
rings is possible due to the fact that tree growth, in terms of 
changes in ring widths, is often affected by variations in climate 
(Fritts 1976). In the tropical , sub-tropical and semi-arid regions 
of the world, seasons are not as well defined as in the temperate 
northern hemisphere. Furthermore, the majority of trees are 
angiosperms. Angiosperms frequently produce anomalous 
growth patterns and rings which, for the most part, are not neces-
sarily annual. For example, a stress period may occur during a 
growing season and cause more than one growth layer to form 
wilhin a year (Fritts 1976). Such growth features are termed 
intra-annual growth bands or false rings (Fritts J 976). Con-
versely, when conditions are extremely limiting, growth cannot 
occur and no ring is produced. In addition, the cambial sheath 
may remain dormant at certain points around its circumference. 
This gives ri se to the partial development of growth layers. Con-
sequently, at certain places in the cross-section of a stem, rings 
are missing (Lilly 1977; Hughes et al. 1982). For these reasons it 
became necessary to develop an alternate method of estimating 
the ages of trees from these regions (see however, Dunwiddie & 
LaMarche 1980). Baas (1986) viewed the study of adaptive strat-
egies in xylem evolution as ' a complex field bestrewed with 
speculative hypotheses' , nevertheless, a number of papers show 
strong support for the implementation of such strategies. 
Carlquist (1975, 1977) found that xylem vessel diameter 
decreased with decreasing water supply and suggested that corre-
lations exist between xylem anatomy and habitat (see also Baas 
et at. 1983,1986; Carlquist 1980; Zimmerman el al. 1971). Feb-
ruary (1993) investigated the above using Protea ca/fro and 
Combretum apicu/atum, and while he did find a relationship to 
rainfall, he could find no re lationship to temperature in either of 
these species. 
Breonadia sa/icina (Vahl) Hepper and Wood is an important 
component of the riparian vegetation at low altitudes in many 
areas of southern Africa, including with in the Kruger National 
Park. As such it is of interest to ecologists in terms of tree stand 
dynamics. Due to the problems associated with the conventional 
approach of ring counts, as discussed above, investigation was 
made to match pattern of secondary xylem vessel diameter varia-
tion in Breonadia sa/icina trees to temporal climatic pattern and 
thereby assign an age to the trees. The study was of a preliminary 
nature initiated with the intent of providing further insight into a 
potential method of age estimation of B. sa/icina individuals. 
Methods and Materials 
Breonadia salicina samples were collected during December 1993 
from the Kruger National Park, close to the Sabie River, within a 15 
km radius of the weather station at Skukuza. This area experiences a 
warm sub-tropical to semi-arid climate. 
Sample collection 
Transverse sections (hereafter referred to as discs), ± 15 mm thick, 
were sawn from the trunks of 4 different specimens of B. salicina at 
a height of ± I m above ground level. All of these trees, except the 
one yielding disc 3, were dead prior to sample collection (date of 
death unknown, but thought, by virtue of still adherent leaves, to be 
during the previous severe drought of 19921 1993). Dead trees were 
sampled to avoid the destruction of living specimens. Disc 3 was 
collected so as to be able to estimate the season during which the 
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Figure 1 Photographs of transvere sections (± 15 ~m thick) 
through the trunk of B. salicina showing i) a ring boundary (note the 
change in t.:c ll wall thickness and lumen diameter of the fibre trache~ 
ids) and ii) fibre tracheids (FT) with very thick walls and small 
lumen an:a and xylem vessels (XV). (\ em represen ts 134.2 Jim). 
other sampled trees died. This was achieved by matching its chro~ 
no[ogy to that of the other trees, and each of the chronologies to 
annual rainfa ll. 
Sample preparation for sectioning 
A sing le stri p arwood, ± IO mm wide was cut. using a ci rcular saw, 
across the face of the di sc through the pith of the wood to i ncorpo~ 
rale the port ion of the di sc with the least ring wedging, i.e. least 
'comprcsSClr wood. These discs strips wat: broken into blocks of 
160 
140 
120 
E 100 
3 
~ 80 
E 
III 60 U 
3 17 
approx imately 15 mm h.mgth (manageable despite the sllggt:slions of 
Bond (1974) who suggcst~d no longer than 12 min). To avoid the 
loss of information between consecutive blocks, the strips wcn: nro-
ken in a vice by covcring them with a cloth and lightly hammering 
on them, rather than cutting or sawing. The or ientatIon of each 
block, both with respect to the cl..!ntre of the d isc ns wel l as the pos i-
tion in the d isc. WilS noted . 
The blocks were boiled in wmel' to soften them bd(ln! sectioning 
(Bond 1974). The softening process resu lted in some swell ing ol'lhe 
\vood, but this did not affl!ct size measurements, as the sections \\ere 
dehydrated before mounting. A comparison between the size or the 
sect ions and the size of the dry blocks revt:aJcd no size difft:rences. 
Transverse sections, 15 j..t111 thick, of each block were ohtaincd 
lIs ing a Reiche rt Sledge-M ic rorome. Sections wcre stained in 
Safranin , dehydratt:d in a gradl!d alcohol seri es and mounted on glass 
microscope s l id~s using Entcllan (Merck) afte r il xy lol intermediary 
step. 
Sample Analysis 
The sections \vt:re viewed using a Zeiss stert:o compound micro-
scope at 63x magnification. Ring boundaries. which were otten vcry 
difficult to id~ntjfy and of variab le th ickness in h:rms of numbe;:r of 
cell layers, were marked on the;: sl ides. All distinguishable ri ng 
boundaries were marked for eneh disc. Boundaries of growth ri ngs 
wcre identified a..'\ a change in fibrt:-trachcid cel l djm~nsions. by both 
the decreased lumen size and incrt:ast:d cell wall thickness of these 
cells across a ring boundary (Figur~ 1). 
A Kontron Image Analyzer (semi-automatic) linked to a Zeiss 
Axiophot compound microscope via a Sony video camera was used 
to measure the tangential vcssd diameter, radial vessd diameter and 
vesse l area of the 10 largest vessels within erleh ring. The;: standard 
error of the mean fo r each set o r measurements was a lways less than 
10% of the mean. These measurements were tnken for all grO\ .... th 
' rings' (i.e. the area between two tree ring boundaries) from the cen-
tre to the outside of the disc OVl:r tht: region of It:ast ring wedging 
(i.e. the s ide where mosl rings were identified and thereby assuming 
that rings were missing from the other side due to ring-wedging). 
The rationale behind measuring only the maximum vessd diameters 
lies in the hypothesis that mnximum vessel diameter shou ld increase 
wit h increasing wate;:r supply and/or dt:crcasing temperature. ifwatl:r 
supply is not consistent ly high (Fe;:bruary 1992). Ves~d diameter 
(j.lm) and area (j.lm2) measurements were rou nded otTto one decima l 
place. Vessel diameters wl!re measured at the widest part or the 
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Figu re 2 Graph of mean tangenti al vessel d iameter, radial vesse l diameter and vessel area of tree I . 
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Figure 3 Graph of mean tangential vessel diameter, radial vessel diaml!ter and vessel area of tree 2. 
vessel aperture.! but excluded the cell wall. Vessel area refers to the 
lumen an::a of the xy lem vessel. 
For each growth ring the means for tangential diameter, radial 
diameter and area of xylem vessels were calculated. Correlation 
analysis was used to investigate the relationship between different 
tree-ring chronologies and linear regression analysis was used to 
investigate the relationship between tree-ring chronologies and cli-
matc. Statistical analyses were performed using Sys tat 5.03. 
Daily maximum and minimum temperatures and monthly rainfa ll 
levels were obta ined for Skukuza, Kruger National rark fo r the 
period 1960 to 1994 (closest weather station~ with in 15 km of study 
si te). Mean max imum and minimum temperatures and tota l rai nfall 
for each monlh were calculated. Annual (July to June) maximum 
temperature and rainfa ll va lues were calculated. 
Results 
Spiral growth (tlw deviation of xylem elements from a vertical 
path and away from the predominant direction of travel of other 
elements can occur regularly in many tree species and can vary 
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within a single growth ring (Zimmerman 1983) This proved to be 
a problem both for ring-boundary identification and dimension 
measurements, as it resulted in enti re sections, or portions 
thereof, displaying orientations more longitudinal than trans-
verse in nature. This rendered identification of ring boundaries 
impossible and the affected sections of little or no value. As a 
result of these problems, one di sc could not be used. 
The tree ring chrono logies for tree discs I, 2 and 3 are pre-
sented in Figures 2. 3 and 4 respectively. In each of the three 
discs, radial diameter and vesse l area essentially reflect the same 
pattern, while tangential diameter shows a s ligh tly different pat-
tern . The size variation of tangen tia l diameter is not as marked as 
either radia l diameter or vesse l area, and thus it was assumed that 
the two latter measurements wou ld be more valuable in relating 
pattern to climatic change due to their greater potential for 
responsiveness. The remainder of the data presented are 
restricted to mean rad ial vessel diameter for each tree ring (Fig~ 
ure 5), as in all analyses of matching chronologies between trees, 
4000 
3500 
3000 
2500 _ 
"E 
· 2000 .3 
co 
i!' 
1500 Ctl 
20 
10 
F Tangential Diameterr 
1-- Radial Diameter 1 
1000 
: -:,,:~~e~ __ _ SOD 
o+----~---~----r---_+---~---_+ O 
2 345 
growth ring number 
6 
Figure 4 Graph of mean tangential vessel diameter, rad ial vessel diameter and vessel area of tree 3. 
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Figure 5 Graph of mean radial xylem vesst::l diameter for tret!s 1. 2 and 3. 
and tree chronology to climate, it consis tently yielded the highest 
correlation coefficients and R~ values. Ring numbers for individ-
ual trees are necessary for purposes of comparison, but make no 
inference 0 11 chronological matching between trees. 
Matching disc chronologies between trees 
The sim ilar patterns in the chronologies of tree 1 (rings 16 to 43) 
and tree 2 (rings to 17 to 44) prompted a corre lation analysis 
between the two chronologies (Figure 5). This yielded a low COf-
relat ion coefficient (r ~ 0.090, P > 0.05), which was not 
sign ificantly altered by shifting the correlation to rings 17 to 44 
of tree I against rings t 7 to 44 of trees 2 (r ~ 0.03 t , P > 0.05). 
Any further shifts of the ring sequence of one tree relative to the 
other would not have resulted in an improvement of the correla-
tion coefficient. This approach of obtaining the best correlation 
coefficient has been foll owed throughout the paper. 
It was noted that a region of tree I (rings 17 to 23) and a reg ion 
of tree 2 (rings 17 to 23) were closely matched (Figure 5) and 
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had a high correlation coefficient ( r = 0.949, p < 0.005). Simi-
larly. rings 38 to 43 of tree 1 and rings 39 to 44 of tree 2 were 
closely matched with a similarly high r value and stati stically 
significant p value (r = 0.888, P < 0.05). By matching these two 
sets of sub-chronolog ies, tree 2 could be matched to tree I. Keep-
ing the match of the you ngest rings in these two trees in mind, 
tree 1 had one additional ring (44) over tree 2, suggesting that it 
died later than tree 2. 
As trees I and 2 were dead at the time of collection it was nec-
essary to match sequences of the youngest rings of both trees to 
that of tree 3 (so <lS to be able to determine a ' date ' o f death) 
which was alive at the time of collect ion. A sub-chrono logy of 
tree I (rings 37 to 41 ) matched the ring pattern of tree 3 (rings 39 
to 43) (Figure 5) with a high r-value and a statistically significant 
p value (r ~ 0.991 , P < 0.005) . 
Although sub-chronologies of trees I and 3 were matched in 
part, di sparities remained between the remain ing rings of both 
trees. Tree I had two extra rings (42, 43 ) be fore the pattern again 
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Figure 6 Plot of sub-chronologies oftrc(: I and trce 3 (ring numbers from Figure 5) against mean annual rain fall (Ju ly to June) . 
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matched wilh tree 3. These were assumed to be due to different 
microhabi tat/climatic condit ions experienced by the respective 
trees over this pe riod. Rings 43 to 44 of tree I are considered to 
match rings 43 to 44 oftfee 3. Thus tree 3 had laid down an addi-
tional ring to the youngest ring of tree I. and by inference from 
previous observations, two additional rings 10 the last of tree I. 
Relating Chronologies to Time and Climate 
To estimate tree age, tree ring patterns were related to climatic 
pattern. A plot of monthly rainfall and temperature (maximulll 
and minimum) data could not be matched to the ring pattern of 
[lny of tile trees. Monthly trends ill minimum temperature val ues 
were deemed of little lise as fl uctuations were mini ma l. Plots of 
allilual means of rainfall and maximum temperature were com-
pared with plots of tree ring chronologies. Temperature plots did 
11 0t reflect dendrochronological pattern. but rainfall data showed 
clear regions of pattern match with tree data. A sub-chronology 
of tree 3 ( rings 42 to 45) was matched to the mean annual rainfall 
over the period 1990/199 1 to 1993 (F ig ure 6) w ith a stat ist ically 
signiticant R"Z valuc of 0.990 (P = 0.005). The regions of pattern 
match of t ree 3 with trees 1 and 2 could thus be dated as could 
the tillle of death of these trees, i.e. the 1992/1993 season for tree 
I and the 199111 992 season for tree 2. 
Rings 18 to 29 of tree 1 close ly matched the rai nfa ll pattern 
from 1973/ 1974 to 198411985 (Figure 6). A lthough the R' va lue 
calculated \Vas not high (R2 = 0.653, P < 0.005), it was sufficient 
to indicate a pattern match. Unfortunate ly, this matched 
sequence docs not include, or fall near, the oldest rings of tree I 
and thus its age could not be determ ined absolute ly, but , by infer-
ence, an age could be placed 0 11 tree I. The annua l mean rainfall 
plot was extended back to 1945 in an attempt to estimate the age 
of the older rings of tree 1. but no further pattern match could be 
found. However a rough estimate of age could be established: 
The season of formation of ring 18 (1973/ 1974) and the season 
of death ( 199211993: ring 44) had been determined. Thus 27 
recorded growth rings cor respond to 20 seasons of growth and 
1.35 growth rings were formed per year. This factor was used to 
convert the number of rings (\ - 17) not yet accounted for into 
years ( 12.6). thereby assuming that conditions experienced in the 
middle to latte r part of the life of the tree were simi lar, on aver-
age, to those experi enced in the earl ier part of the trees life. 
Examining the trend presented in Figure 5, this assumption 
seems appropriate at least for rings 7-17. Thus, the age of tree I 
could be estimated as 12.6 + 20 years = ±33 years. Although thi s 
extrapolation approach may be cons idered tentative at best, and 
in need of fmi her investigat ion, it neverthe less provides an indi-
cation of the age of tree I . 
Portions ortlle anatomical patterns of both tree 2 (by inference 
from the match to tree 1) and tree 3 were matched to rainfall ; tree 
2 from the time of formation of the second oldest ring (18). This 
ri ng corresponds to the 1973/ 1974 rainfa ll season. If the older 
ri ng of tree 2 is ass llmed to correspond to 1972/ 1973 rainfall sea-
son, and death occurred during the 1991/[992 rainfall season the 
mini mulll age of tree 1 is 19 years . The ages estimated do not 
take into account the time for the trees to grow to sampling 
height ( I 111) . 
Discussion 
Sampl ing by mcans of a tree disc allows areas of ring wedging 
and 'comprt:ssed wood' with in a tree to be identified and thus 
allows for opti mal selection of a section through an area of least 
ring wedging and incorporating the pith of the tree. Sampling by 
discs is morc ideal than usi ng a corer, as it provides a greater 
width of material to be examined. This allows for improved iden-
tification of ring boundar ies and precludes the exclusion of rings. 
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This study found radial vessel diameter (and vessel area) to be 
more responsive to ra infa ll than tangen ti a l vessel diame ter. Thus 
these measurements should not be neglected in prefe rence to the 
more favoured tangential measurement (February 1992, 1993). 
The fact that anatomical tree ring pattern could only be 
matched to part of the rainfall pattern is an ind ication of i) the 
non-annual nature of ring formation over extended periods of the 
li fe of the trees and ii ) the possib le influence of more than one 
limiting or growth contro lling factor at different, irregular peri-
ods. T he proximity of the samples to a watcr supply (Sabie 
River) would have excluded them from study by most dendro-
chronologists (February 1994). However, the flow of the Sabie 
River is close ly matched to that of rainfall (van Coller 1992) and 
as s llch may not have played a signi ficant role in causing the 
deviation of the chronologies from rainfall pattern. Habitat plays 
an important role in determining respon se to climatic variables 
(Tessier 1989). It is not surprising that the three tree discs could 
not be matched exactly to each other. Microhabitat differences 
(e.g. so il, water availabi lity, differences in competi tion,) of each 
tree cou ld be responsible for observed differences (see Lane el 
at. 1993; Li lly 1977; Norton & Ogden 1990; Ogden & Ahmed 
1989; Wendland & Watson-Stegner 1983). However, the ability 
to match anatomical pattern between the trees indicates that a 
common factor has a major influence over xy lem morpho logy in 
each of the trees. T he on ly shared factor between them was cl i-
mate. The relationship of each ofthe trees to rainfall pattern is an 
indicat ion that rainfall, over parts of the trees' life at least, is a 
primary factor influencing xylem morphology in B. soliciflQ. 
The influence of many external factors 011 growth patterns of 
H sa/icino remai ns unknown. Data re lati ng the periods of cam-
bial activity to a growing season are lacking. Th is presented a 
problem with respect to the mos t appropriate treatment of cli-
matic data. 
It was shown that rainfall could be matched to an adaptable 
feature of the tree. A lthough the sensitiv ity to climate is not un i-
fo rm over the life of the tree it is sufficient to al low age esti ma-
tion. Wh ile the relatively short chronologies determined for this 
study show a relationship to rainfall pattern they need not hold 
for other tree species. 
In summary, it is c lear that, even with a limited sample size, 
patte rns of xy lem vesse l diameter across tree rings from individ-
ua ls of B. sa/icina can be related to each o ther and furthermore a 
climatic variable can be related to this same pattern of xylem 
vesse l diameter thereby making it possible to estimate tree age. 
The promise of using this method of relationship is good, how-
ever, it does requ ire destruct ive sampling due to the problems 
inherent in the use of cores (small s ize and the inab il ity to locate 
the pith of the tree during coring). 
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